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ABSTRACT 
Unintentional roof falls cause about one-half of 
all underground coal mine fatalities, numerous non-fatal 
injuries and decreased productivity.  The objective of this 
research was to determine the significant geologic factors 
affecting roof stability at an underground coal mine and 
predict roof conditions in that mine based on those geo- 
logic factors. 
The research site was the Dilworth coal mine, 
owned and operated by the U. S. Steel Corp., in Greene 
County, Pennsylvania.  The research was conducted in two 
parts.  Part one was an analysis of the available geologic 
data to forecast the roof conditions in the Dilworth mine. 
Part two consisted of underground and surficial observa- 
tions to verify this forecast. 
The factors selected as most significantly 
affecting roof control in the Dilworth mine were the 
presence of channel sands, and a combination of vertical 
lithologic changes above the coal, fracture trace concen- 
tration and overburden.  Each factor was assigned a 
limiting critical value. Any area in the Dilworth proper- 
ty exceeding this critical value was assigned one degree of 
potential hazard.  The limiting critical values were: 
-1- 
five lithologic changes within 20 feet (6 m) of the coal; 
2    2    2  2 five fracture traces per 1667  feet  (505 ra ); and 600 
feet (182 ra) of overburden. Where zero, one, two or 
three critical values occurred, good, fair, marginal, 
and poor roof were predicted. 
Examination of roof conditions in surrounding 
mines and interpretation of isopach maps at Dilworth indi- 
cate that channel-sand cutouts probably exist where the 
immediate roof abruptly thins to less than five feet (6 m) 
and is overlain by sandstone. 
Underground observations showed that roof con- 
ditions at Dilworth could be divided into four Types: 
Tl (good); T2 (marginal to poor); T3 (poor); T4 (removed 
for height).  Most of the roof was stable (Tl and T4). 
However, major areas of T3 roof occurred under Pumpkin Run 
and about 1000 feet (303 m) east of Pumpkin Run.  Loca- 
tions of poor roof were only generally, not accurately, 
located. 
Poor roof conditions and locations of roof falls 
were accurately located using LANDSAT satellite imagery to 
detect lineaments affecting roof stability, and by in- 
creasing the critical limit on lithologic variations from 
five to six within the foot (6 m) interval above the coal. 
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Individual roof falls and areas of unstable roof can be 
accounted for by the occurrence of two or more LANDSAT 
lineaments, 6 or more lithologic changes in the immediate 
roof, or both. 
Geologic information can be used to accurately 
locate areas of unstable coal mine roof at the Dilworth 
mine prior to mining.  Use of all available information 
is essential to give a complete understanding of, and 
correct interpretation of, a mine's geology, and how the 
geology affects roof stability. 
-3- 
INTRODUCTION 
Unintentional roof falls account for about one- 
half of all underground coal mine fatalities.  Financial 
losses for damaged equipment and lost productivity due to 
roof falls are significant.  If a practical method for 
locating stable and unstable roof prior to mining can be 
developed, "down time" and safety hazards could be mini- 
mized and mine planning and layout facilitated. 
The objective of this research was to determine 
the significant geologic factors affecting roof stability 
at an operating coal mine and to extrapolate those factors 
to the unmined portion of the property.  The research was 
based on mine geology rather than mine design.  This is 
because inherently stable roof is usually amenable to 
several different pillar and entry designs while inherently 
poor roof usually cannot be supported without additional 
roof bolts, timbers or metal straps. 
The project was conducted in two parts.  Part 
one consisted of an analysis of available geologic infor- 
mation of the project mine and a forecast of potentially 
unstable roof areas based on this analysis.  The second 
part consisted of underground mapping of roof conditions at 
the mine and surficial observations over the property to 
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verify the predictive value of the analysis applied in 
Part I.  The project was so conducted in order to eliminate 
"predictive" conclusions based on hindsight rather than 
foresight. 
The project mine was the Dilworth coal mine, 
owned and operated by the United States Steel Corp. and 
located in the northeast corner of Greene County, 
Pennsylvania (Figure 1).  The coal seam mined at Dilworth 
is the Pittsburgh coal of late Pennsylvanian Age.  The 
Dilworth mine is relatively new, but has been developed 
enough to provide sufficient roof area for underground 
observations.  Roof conditions vary from poor to excellent, 
so that changes in roof quality may be correlated with 
changes in the geology. 
\ The surface area of the Dilworth property is over     \ 
2 20 square miles (51.2 Km ) and is bounded by several aban- 
doned and operating coal mine properties.  The H. C. Frick 
Coke Co. had opened a shaft mine to the Pittsburgh coal on 
this site in Rice's Landing, Pa., in 1898, with a second 
shaft at Dry Tavern, Pa.  The old Dilworth mine was 
abandoned in the 1930's because methane from the coal 
obstructed operations.  The old Dilworth mine was inten- 
tionally flooded and the shafts capped. 
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Fig. 1 Location, surrounding mines and diamond drill 
holes for the Dilworth mine 
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The new Dilworth mine opened in 1974.  The sur- 
face plant of the new mine is in Rice's landing, one mile 
(1.6 Km) east of Pumpkin Run.  Entry is by means of a 
slope (inclined shaft). 
SETTING 
Greene County is in the extreme southwest corner 
of Pennsylvania, about 60 miles (100 Km) west of the 
Allegheny Front.  The county is bordered on the north and 
east by Washington and Fayette Counties, respectively, and 
on the south and west by the State of West Virginia.  The 
north-flowing Monongahela River divides Fayette County 
from Greene County and drains the Dilworth Property mainly 
via the South Fork of Ten Mile Creek, Pumpkin Run and 
Muddy Creek. 
Drainage patterns are asymmetrical.  East-west 
flowing streams are not in the centers of their basins, and 
tributaries on the northern valley walls are longer than 
those on the southern valley walls (Stone, 1932).  Stream 
flow is not controlled by structure. 
The area is part of the Appalachian Plateau 
Province.  Extensive erosion has produced a topography with 
many steep sided hills, narrow valley bottoms and narrow 
ridge tops.  Maximum relief is on the order of 300 to 
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400 feet (90 to 100 m). Maximum elevation is about 1600 
feet (480 m) above sea level. 
STRATIGRAPHY 
The Dilworth mine is in essentially flat lying, 
late Paleozoic sedimentary rocks.  The Pittsburgh coal is 
the basal member of the Pittsburgh Formation which consists 
of five members:  Lower, Redstone, Fishpot, Sewickley, and 
Upper (Figure 2).  The five members have an aggregate 
thickness of 230-355 feet (69-106.5 m).  Formations above 
the Pittsburgh Formation at Dilworth, in order of de- 
creasing age, are: Uniontown (Pennsylvanian), Waynesburg 
(Pennsylvanian and Permian); Washington, Greene (both 
Permian); and Carmichaels (Quaternary). 
The main Paleozoic rock types above the 
Pittsburgh seam at Dilworth are massive to thin bedded 
sandstones, siltstones, shales, argillaceous limestones 
and coals.  Minor amounts of claystone, mudstone, carbon- 
aceous layers, rider coals and coal stringers are common 
throughout the sequence.  Contacts are usually gradational 
both laterally and vertically. 
The Quaternary Carmichaels Formation is an 
unconsolidated alluvial deposit consisting of silts, Bands, 
gravel and cobbles.  It is found in abandoned meanders, 
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Fig. 2 Stratigraphic columns of 
coal-bearing rocks in 
Greene County (parts 
adapted from Kent, 1969) 
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channels and rock terraces related to an ancient drainage 
STRUCTURAL GEOLOGY 
The Dilworth mine is inside the eastern edge of 
the Pittsburgh-Huntington Basin (Figure 3a).  The late 
Paleozoic rocks occupying this basin have been deformed 
into a series of broad, gentle folds with fold axes 
trending northeast-southwest.  In many places, the folds 
die out and are replaced by other folds which are en 
echelon.  The dips of the fold limbs is usually less than 
3°.  Dilworth lies between the axes of two folds:  the 
Bellevernon Anticline and the Whitney Syncline (Figure 3b). 
The Pittsburgh seam dips generally south-southwest at about 
0.3° at Dilworth (Figure 4). 
A small left-lateral strike slip fault occurs 
east of the property and strikes N 51° W, almost normal to 
the trend of the fold axes (Roen, 1968).  The fault zone is 
intruded by peridotite dikes.  Displacement varies from 
a few inches to about 20 feet (about 3 cm to 6 m) and is 
usually not noticeable in outcrop. A structural lineament 
is visible for at least seven miles (11.2 Km) along the 
fault because of changes in fold amplitude and axes dis- 
placements.  Roen asserts the fault to be the reflection of 
-10- 
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Fig. 3a Outline of the Pittsburgh-Huntington Basin 
(from "Geology of the Pittsburgh Area", 1970) 
Fig. 3b Major structures around the Dilworth nine 
(adapted from McCulloch et al, 1975) 
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Fig. 4 Coal elevations shown for the bottom of 
the Pittsburgh coal at Dilvorth (courtesy 
of U.S. Steel Corp.) 
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differential movement along the margin of a subsurface 
de'collement. 
Oil and gas drilling has revealed a number of 
faults in the Devonian rocks of the area (Rodgers, 1970). 
However, there is usually no surface expression of the 
faults in the field or on topographic maps. 
HISTORICAL GEOLOGY 
The sedimentary rock sequence of the area records 
cyclic periods of innundation and emergence of the land, 
separated by periods of stability during which peat forming 
swamps existed.  Progradation of deltaic sequences and 
basin infilling is thought to be responsible for the depo- 
sition of the many coal seams and associated freshwater 
limestones, braided streams, channel sands and fine 
grained, marly sediments (Donaldson, 1969; Ferm, 1970). 
At some time after the deposition of the Permian 
rocks, stream rejuvenation caused the local drainage 
systems to renew their downcutting action.  Entrenchment of 
channels and meanders in the area is common.  Rejuvenation 
was probably non-continuous, because a series of erosional 
benches occur at elevations of 1600, 1250, 1150 and 900 
feet (480, 375, 345, 270 m) above sea level (Stone, 1932). 
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POTENTIAL FACTORS AFFECTING ROOF STABILITY 
Unstable roof generally occurs for one of two 
reasons.  The residual or Induced (through mining) stresses 
present exceed the breaking strength of the roof rock, or 
the immediate roof rocks are unable to support themselves 
and the overlying strata (Moebs, 1974) .  Several geologic 
conditions may relate to one or both of these reasons re- 
sulting in a decrease in roof stability.  By locating these 
conditions prior to mining using diamond drill hole infor- 
mation (DDH)t  field mapping and remote sensing techniques, 
areas of potentially dangerous roof may be located and 
appropriate precautions taken. 
Anomolous geologic conditions may be an indicator 
of potential roof problems.  Where a particular geologic 
conditions deviates from the normal conditions in a mine, 
(for example a sudden change in coal elevations or an ab- 
normal increase in water permeability through a given 
horizon),  a change in roof conditions may be expected. 
A.  JOINTS 
The natural jointing of rocks will disrupt the 
"beaming" action of the strata between adjacent coal 
pillars.  Joints increase the effective roof span across 
entries (Walrod, 1970) and increase groundwater 
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permeability.  Roof problems usually increase with water 
influx because of increased water pressure and consequent 
deterioration of roof rock.  Heavily jointed roof rock may 
be unstable unless lateral compression closes the joints, 
or a reverse arch (compression at the top of the beam, 
tension at the bottom) formed from the individual blocks 
of rock is achieved (Parker, 1977) . 
r 
B.  GEOLOGIC STRUCTURE 
A "neutral surface" exists in flexural folds 
which separates the fold into regimes of tension and com- 
pression (Ramsay, 1967).  An anticline undergoes tension at 
the top of the folded strata and compression at the bottom 
(Figure 5a); the opposite takes place in a syncline.  De- 
pending on the location of the coal seam relative to the 
neutral surface, and the severity of the folding, excessive 
lateral stresses may develop.  Excessive stresses may crush 
or fracture rock, making roof support difficult. 
Smaller folds on the limbs of larger folds (swags) 
(Figure 5b) may cause roof instability.  In a swag, stresses 
in the rocks, caused by the folding will vary rapidly 
over a short distance.  This rapid stress variation may 
lead to a loss of rock strength through fracturing or 
crushing. 
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a)  stresses inside of folded strata 
b)  smaller folds on limbs of larger folds 
SLICKENSIOES ON THRUST SURFACE 
c)  thrust along bedding planes 
(Ramsay, 1967) 
Fig. 5 Effects of folding on bedded strata that 
may cause roof instability 
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Thrusting and shear between folded beds may cause 
excessive shear stress to develop along bedding planes 
(Figure 5c).  Fracturing, crushing and jointing caused by 
any of these folding phenomena may cause a decrease in roof 
competency. 
Tectonic faulting can reorient or concentrate 
stresses in the roof rock for some distance on either side 
of the fault zone.  Brecciated and fractured roof rock will 
alter the overall strength characteristics of the rock mass 
and allow increased water influx if not naturally recemented. 
C.  ROOF ROCK COMPOSITION 
Investigations into the physical parameters of 
roof rock material (hardness, ultimate compressive strength, 
etc.) in relation to roof stability have met with very 
limited success (Aughenbaugh and Bruzewski, 1973; others). 
In general, shales are weaker than sandstones which are 
weaker than massive limestones. 
In some places a weak root-penetrated clay known 
as "seatearth," or underclay, underlies a coal bed.  Under- 
clays and clayey shales, slake and disintegrate upon ex- 
posure to humid mine air, and the roof eventually becomes 
difficult to support. 
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Where large numbers of lithologic variations or 
individual units occur in a vertical sequence the proba- 
bility of slippage between the lithologic units increases 
(Spackroan et al, 1957; Gray and Rhoades, 1977).  This 
effect is similar to that of a deck of poker cards being 
bent; i.e., the cards slide past one another during bending, 
Facies changes and transition zones may give rise to a 
large number of lithologic variations above the coal seam, 
leading to a weak roof. 
Channel-fill sandstones and sandstone lenses can 
also cause roof problems.  In some cases, the ancient 
channels have eroded away parts of the coal seam forming 
"washouts" (known also as "wants," and "miner's faults"). 
These are sometimes detectable by a rapid increase in coal 
thickness around the "washout" boundary or the absence of 
coal in a DDH in its normal position in the stratigraphic 
sequence. 
The lower surface of the channel-fill is a plane 
of erosion.  The bond between the host rocks and channel- 
fill may be weak.  Unless a roof bolt anchors firmly above 
this erosion surface, the host rocks may pull away under 
their own weight and result in a roof fall. 
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Differential compaction of finer sediments around 
relatively incompactable sand (Mueller and Vfanlens, 1957» 
Weller, 1959) may warp the finer sediments and cause roof 
instability up to 500 feet (150 m) away (Kent, 1974). 
D.  CLAY VEINS AND SLIPS 
Clay veins are fine-grained clastic dikes which 
intrude the coal seam from above.  They are usually 
vertical, "V" Bhaped downward and sinuous in plan view. 
They occur singly or in intersecting sets.  Individual clay 
veins may extend several hundred feet (meters) or more in 
length.  Chemical analysis of clay veins in Greene County 
(Moebs and Curth, 1976) showed the clay veins to contain 
36 percent calcium or magnesium carbonate, 19 percent 
quartz, 5 percent mica, chlorite and pyrite, and 40 per- 
cent illite and kaolinite.  The limestone main roof above 
the coal in that area of Greene County was suggested by 
Moebs and Curth as the source rock for the clay veins. 
Clay veins disrupt roof support by cleaving the 
roof between roof bolts and timbers or destroying the 
natural bonding between bedding planes when they flatten 
in dip.  They also form impenetrable barriers to fluids 
increasing water and methane pressure in the roof rocks. 
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Slip plane8 and slickensides are planes of move- 
ment associated with clay veins and the differential com- 
paction around channel sands.  Their effect on roof sta- 
bility is similar to that of clay veins.  Slips and clay 
veins are small in dimension/ and difficult to locate 
until discovered by mining. 
E.  TOPOGRAPHY 
On the average, lithostatic pressure increases 
4    2 
one P.S.I, per foot of depth (2.29 x 10 N/m per m of 
depth)(Obert et al, 1960; Parker, 1977).  Thicker over- 
burden means increased roof pressures.  Benedict and 
Thompson (1973) reported roof instability in Cambria 
County, Pa., mines when overburden exceeded 600 feet 
(180 m). 
Rapid changes in topography affect roof sta- 
bility.  It is well known to western Pennsylvanian minerB 
that roof conditions usually worsen underneath steep-walled 
stream valleys.  This "valley effect" is a problem to the 
mining and construction industries in the Appalachian 
Plateau where steep-sided stream valleys are common. 
After material has been eroded to form a valley, 
the slope walls expand laterally in a stress release 
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phenomenon (Ferguson, 1967) .  Small scale folding and 
thrust faulting occur in the valley bottom as the valley 
bottom rocks adjuBt to strut the expanding slope walls. 
The result is a net vertical tension over the valley bottom. 
A roof condition known as "snap top" (because roof failure 
is preceded by an audible snapping of the roof strata) 
commonly develops underneath steep-sided stream valleys. 
Based on the known geology of the area around 
Dilworth, the geologic parameters chosen to base the roof 
conditions prediction on were lithologic variations, rock 
joint concentrations, and total overburden. 
A limiting critical value was assigned to each of 
these factors.  Any area of the mine exceeding a factor's 
critical limit was assigned one degree of potential hazard, 
for each factor evaluated.  Where zero, one, two or three 
critical areas coincide, zero, one, two or three degrees of 
potential hazard were assigned.  Zero degrees indicates 
good roof, one degree fair roof, two degrees marginal roof, 
and three degrees potentially poor roof. 
Additionally, areas potentially containing channel 
sands ("washouts") were delineated. 
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INITIAL FORECAST 
A.  ROOF LITHOLOGIES 
Figure 6 is a fence diagram of the immediate and 
main roof.  Figure 7 is a plan view of the dominant rock 
types over the coal.  The main roof is mostly sandstone 
(Pittsburgh sandstone, Piper, 1933), separated from the" 
coal by a layer of "rash" consisting of shales, "drawslatea," 
underclays and rider coals.  The sandstone is a channel- 
fill and flood plane deposit of an ancient north to north- 
westward flowing river system (Roen and Kreimeyer, 1973). 
The ancient river system bifurcated just south of Dilworth 
and flowed west and northeastward. 
An isopach of the coal (Figure 8) shows the coal 
consistently averaging about 84 inches (2.1 m) in thick- 
ness in the northern part of the mine, but rapid thinning 
occurs in the southern portion of the property.  The roof 
rock isopach (Figure 9) shows a constant thickness of rash 
in the northern portion of the mine, but this rash layer 
abruptly thickens over the area of the thin coal.  The 
Pittsburgh sandstone isopach (Figure 10) shows a constant 
thickness in the northern half of the property, but it 
thins to zero thickness directly over the area of thin coal 
and thick roof rock.  This area of anomolously thin coal, 
-22- 
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Fig.   8    Iaopach of Pittsburgh coal at Dilvorth 
(contour interval equala 5 inches) 
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Fig. 9  Isopach of the roof rock above the 
Pittsburgh coal at Dilvorth (contour 
interval equals five feet) 
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Fig. 10 Iaopach of the Pittsburgh sandstone above 
the Pittsburgh coal at Dilworth (contour 
interval equals 10 feet) 
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thick shale roof, and thin sandstone main roof is inter- 
preted as an erosional remnant, probably a paleotopographic 
high.  The shale was deposited before the Pittsburgh sand- 
stone scoured and filled the surrounding areas.  Stream 
flow was diverted around this higher area leaving a shale 
high spot. 
An isosulfur contour of the property (Figure 11) 
shows a sulfur low in the same area as the thin coal, 
thick roof rock and non-existent Pittsburgh sandstone.  The 
shale caprock over the coal seam in this area probably 
acted as an impermeable barrier to downward water percola- 
tion allowing less inorganic sulfur and iron to reach the 
coal. 
The Pittsburgh sandstone rests directly on top 
of the coal in some places (i.e., where the roof isopach 
is zero thickness).  Because of the cut-and-fill nature of 
this sandstone, the probability of "washouts" is high 
where the roof isopach shows zero thickness. 
Known channel sands and "washouts"' around 
Dilworth are shown in Figure 12.  Two occurrences butt 
right against the Dilworth property—one from the Robena 
mine and one from the Mather Collieries.  These occur 
where the Immediate roof is zero to five feet (0-1.5 a) 
-28- 
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Fig. 11 Isosulfur contour of the Pittsburgh coal 
at Dilworth, full seam analysis less top 
12 inches (contour interval equals 0.5%) 
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thick.  Therefore, where the roof rock abruptly thins to 
five or less feet in thickness, and sandstone is the main 
roof, a channel cutout probably exists (compare Figures 7, 
9 and 12). 
Figure 13 is a contour map of the number of 
lithologic changes within 20 feet (6 m) above the coal. 
Areas of five or more changes are shaded to indicate areas 
of potential roof instability (Gray and Rhoades, 1977). 
B.  FRACTURE TRACE ANALYSIS 
Concentrations of joints will adversely affect 
roof stability.  In their investigation of jointing in the 
Appalachian Plateau, Nickelsen and Hough (1967) found that, 
although individual joints are not continuous through a 
vertical sequence of rocks, the location and orientation 
of major joints exposed at the surface are repeated 
throughout the vertical sequence of rocks, by other simi- 
larly oriented joints.  In other words, a concentration of 
joints on the surface may indicate a concentration of 
joints in the roof rock of a coal mine. 
A remote sensing technique using low-level 
aerial photography to detect "fracture-traces" was em- 
ployed to analyze the effects of jointing on roof sta- 
bility. 
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Fig. 13 Vertical lithologic changes in the 20 foot interval 
above the Pittsburgh coal at Dilworth (shaded areas 
indicate potential roof instability) 
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Surface traces of joints usually appear as linear 
stream channels, linear tonal changes in soils, natural rows 
of higher standing vegetation and furrows in otherwise 
planar land surfaces (Hough, 1960; Podwysocki, 1974). 
These "fracture traces" were recorded onto over- 
lapping, low-level aerial photographs (stereopairs) using 
a stereoscope.  The photographs were at a scale of 1:20,000. 
After marking the photographs, the fracture traces 
were transferred to a map of the Dilworth property (Figure 
2 14) and the number of occurrences per square inch (6.4 cm ) 
was contoured. 
Figure 15 is a contour map of the density of 
fracture traces.  Areas of five or more fractures are 
shaded to indicate areas of potentially unstable roof 
conditions. 
The endpoints of all fracture traces inside the 
Dilworth property were digitized using a SUMMAGRAPHICS 
DIGITIZER interfaced to a HONEYWELL 6060 computer.  The 
computer calculated the frequency and total fracture trace 
length per five degree interval (Table I).  From this a 
rose diagram was constructed to indicate any directional 
trends (Figure 16) and potential joint sets (Table II). 
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Fig. 14 Fracture traces over Dilworth 
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Fig. 15 Contour map of fracture concentrations (shaded areas 
indicate potential instability) 
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Table I 
Computex ; Analysis of Digitized Fracture Traces 
Degrees 
(East of North) Frequency Length 
1 — 5 18 20865 
6 - 10 16 15317 
11 - 15 23 28297 
16 - 20 19 20901 
21 - 25 18 20965 
26 - 30 11 14382 
31 - 35 10 10585 
36 - 40 25 27144 
41 - 45 21 20942 
46 - 50 15 15684 
51 - 55 15 16327 
56 - 60 20 19797 
61 - 65 14 15469 
66 - 70 22 21253 
71 - 75 14 14552 
76 - 80 14 18648 
81 - 85 20 18163 
86 - 90 29 33664 
91 - 95 26 30836 
96 - 100 16 16159 
101 - 105 24 29485 
106 - 110 13 11514 
111 - 115 23 31736 
116 - 120 18 18881 
121 - 125 10 7506 
126 - 130 27 31822 
131 - 135 13 16390 
136 - 140 18 20423 
141 - 145 18 23738 
146 - 150 13 16345 
151 - 155 19 30957 
156 - 160 13 13697 
161 - 165 16 18271 
166 - 170 16 22426 
171 - 175 15 17419 
176 - 180 17 20859 
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Fig. 16  Rose diagram of fracture traces 
Table II 
Major Fracture Systems 
Set Direction Set Direction 
1 N 87.5 w 6 N 12.5 E 
2 N 77.5 W 7 N 40   E 
3 N 65 W West Group 8 N 5 7.5 E  East Group 
4 N 52.5 W 9 N 67.5 E 
5 N 27.5 W 
Systems 
10 N 85   E 
Separation 
Sets 4 and 7 92.5* 
Sets 2 and 6 90* 
Sets 5 and 9 95* 
Sets 5 and 8 85# 
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2 
A X test of fracture frequency of occurrence 
versus orientation (Appendix I) shows that, statistically, 
there is no preferred orientation of fracture occurrence 
despite the appearance of a directionality.  Preferred 
orientation may be masked by the location of Dilworth 
between a syncline and an anticline, or the presence of 
abundant short fracture traces sub-perpendicular to the 
major valleys. 
C.  OVERBURDEN 
An overburden isopach of the Dilworth property 
is shown in Figure 17.  The influence of jointing and 
drainage on overburden is clearly seen.  Six hundred feet 
(181.8 m) or more overburden is shaded to indicate 
potentially unstable roof. 
Conversations with mining personnel familiar 
with the Greene County area indicate that although roof 
pressures do increase with increases in overburden thick- 
ness, and a different type of roof action may be expected 
during ribline operations (retreat mining), thick over- 
burden should not cause many roof problems.  In this re- 
spect, the overburden may be the least critical of the 
factors analyzed. 
-38- 
0        2900       VOSOTIOOM IMITIf-J.a HIT 
CMLWORTH MINE 
GIIINI   C0UM1V-MMMA 
600  Ot MORE    FEET OF   OVER1UROEN 
Fig. 17 Overburden isopach at Dilworth (shaded areas 
indicate potential instability) 
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A composite nap of the occurrence of the 
critical limits of vertical lithologic variations, frac- 
ture trace concentration and overburden thickness is shown 
in Figure 18. 
FIELD RELATIONS 
Underground and surficial mapping at Dilworth 
was conducted to verify the utility of this method. 
The present Oilworth mine is shown in detail in 
Figures 19 and 20.  Mains were developed with 16 foot 
(4.8 m) wide entries and crosscuts on 95 x 75 foot centers 
(28.5 x 22.5 m).  All entries are driven by milling type 
continuous miners.  Standard roof support consists of five 
foot long (1.5 ra) resin-anchored roof bolts on four foot 
(1.2 m) centers.  Timbers and steel straps supplement bolts 
in some areas.  Four to six inches (0.1-0.15 m) of coal 
("roof coal") are left at the top of an entry to protect 
the drawslate and the rider coal's underelay from humid 
mine air.  Figure 21 shows the typical roof rock sequence 
encountered at Dilworth. 
The roof was mapped by systematically walking the 
entries and noting fractures, joints, cleat (the natural 
jointing of coal), falls, "pots" (small falls), channel-sands 
and any phenomenon that might affect roof quality.  In most 
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Fig. 18  Initial forecast of roof conditions at Dilworth 
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cases, "potting" occurred because the continuous miner 
operator inadvertently removed too much roof coal, exposing 
the softer rocks to humid mine air.  Figure 22 is a com- 
parison of surface joints measured over the present 
workings, underground fractures and falls, and cleat 
directions at Dilworth.  A definite north-northeast trend 
exists.  The more severe roof conditions in the "River 
Mains" exist in the crosscuts, which are oriented N 12.5° W, 
Additionally, fracture trace sets 2 and 6 in 
Figure 15 correspond to the face and butt cleat, respec- 
tively, at Dilworth, despite the no preferred direction 
2 
result of the X  test. 
The roof conditions could be classified into four 
Tl - Good to excellent top, few problems, some 
spalling and potting of material up to the 
rider coal. 
T2 - Imminent failure of roof.  Usually only roof 
coal exposed but top is badly broken, 
spalling, and numerous roof cutters present. 
T3 - Bad roof conditions.  Difficult to hold up. 
Fallen or cut down usually past rider coal 
types: 
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a)  surface joints over the 
mine (114 total 
measurements) 
b)  Roof fractures and fall 
directions (172 total 
measurements 
Butt Cl»«t 
Face Cl««t 
c)  Cleat measurements underground at Dilworth (69 Pace, 
63 Butt) 
Fig. 22 Comparison of underground jointing and fall 
directions, with cleat and surficial joint 
directions 
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seam.  Falls of material up to 20 feet above 
main seam. 
T4 - Roof taken up to rider coal for height. 
Condition T4 refers to areas where a thick under- 
clay exists beneath the Pittsburgh seam.  Coal bottom was 
left to keep machines from becoming mired in the soft clay. 
Working height was maintained by cutting down the roof. 
Since no DDH information was available concerning floor 
rock, this effect could not be evaluated. 
A secondary problem caused by the—intentional 
or otherwise—removal of the roof rock is pillar spalling. 
When roof is removed it exposes the underclay at the top of 
the rib (pillar).  When this underclay slakes, it allows 
the coal to peel away from the top of the rib.  Spalling 
decreases the size of the pillar and aggravates roof con- 
ditions. 
Figure 23 shows the roof conditions as mapped at 
Dilworth.  Two major poor roof areas occur west of the 
slope in the "River Mains."  The outline of one poor roof 
area (T3) follows the course of Pumpkin Run which is a 
steep-walled stream valley.  Seepage from the stream 
mainly flows downdip (southward) which may be one reason 
this poor roof area does not extend east (updip) of 
-47- 
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Pumpkin Run.  The South Fork of Ten Mile Creek is larger 
than Pumpkin Run, but similar roof conditions should be 
expected under it.  The poor roof should occur south (down- 
dip) of the South Fork of Ten Mile Creek's course. 
The poor roof areas east of Pumpkin Run and that 
which occurred in the end of "4-Roora" correspond to the 
poor roof predicted by the seven lithologic changes in DDH 
#233.  Several areas of T2 roof exist behind the slope, the 
east end of the "River Mains," near "6-Room" and "16-Room." 
Floor heaving generally accompanied T2 roof conditions and 
also occurred in entries around virgin coal and gob areas. 
The T2 area in "16-Room" and the western fringe of the 
poor roof under Pumpkin Run were predicted by the geologic 
analysis in Part I.  However, the predicted locations were 
only generally, not precisely located, and several of the 
poor roof areas mapped were not even predicted. 
At this time, LANDSAT satellite imagery was 
employed, to detect lineaments affecting roof control, as 
an alternative to low-level aerial photography.  The U. S. 
Mine Safety and Health Administration (MSHA) in Bruceton, 
Pa., has the facilities necessary for evaluating LANDSAT 
imagery.  Film positives are viewed on a closed circuit 
television (analog image analyzer) and the image on the 
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television is electronically altered to enhance or delete 
information. 
Lineaments are seen as long, dark or bright 
lines, trends of ridge or valley offsets, abrupt linear 
changes in surface tones or troughs in the earth's surface. 
The lineaments may be surface expressions of deep seated 
faults, fracture zones, ancient channel systems, paleo- 
topographic anomolies persisting throughout a vertical 
sequence, or fold axes. 
Because these lineaments are assumed to have an 
adverse effect on roof control, concentrations of linea- 
ments should have an increasingly deleterious affect on 
roof stability.  Figure 24 shows a LANDSAT image of Dil- 
worth and surrounding properties. 
Mapped locations of poor roof were not given to 
the geologists at MSHA to prevent biased mapping of linea- 
ments.  Figures 25 and 26 show the results of the linea- 
ment analysis.  Three lineaments intersect in the poor 
roof area west of Pumpkin Run, and concentrations of linea- 
ments occur around the ends of 4-Room and 16-Room, areas 
where poor roof was encountered.  The combination of weak 
roof lithologies and lineaments resulted in especially 
poor roof conditions in 4-Room.  Also, two unintentional 
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Fig. 24   LANDSAT imagery of Dilworth area 
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Fig. 25  LANDSAT lineaments at Dilworth 
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roof falls in the Bottom Flats occurred near the inter- 
section of a lineament and a fault trace. 
Seven areas of three or more intersecting linea- 
ments occur on the Dilworth property.  The heaviest con- 
centration of lineaments lies between the projected Dil- 
worth Mains and the old Dilworth mine. 
A lineament was plainly visible over the trend 
of a known channel cutout running northwest through the 
Robena mine and into the Mather Collieries.  Another 
lineament lies over the location of a suspected channel 
cutout in south-central Dilworth.  The cutout's inferred 
existence was based on lithologic and isopach maps. 
It should be noted that in most/ but not all, 
cases, concentrations of lineaments correspond to the 
2   2 
anomolously high concentrations (9 or more, per 1667  ft 
2 2 (505 m )) of fracture-traces from the low-level, aerial 
fracture trace analysis. 
REVISED ROOF FORECAST 
A new roof condition forecast incorporating 
LANDSAT lineaments and adjusted critical limits for litho- 
logic changes appears in Figure 27.  The limit on litho- 
logic changes is increased from 5 to 6 per 20 feet (6 m) 
interval above the coal. 
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LANDSAT lineaments are the most important factor 
analyzed, and are rated at two degrees of potential hazard 
apiece.  Lithologic changes and overburden are rated at 
one degree of potential hazard each.  Where the total sum 
of potential hazards is five or greater for any one area, 
poor roof (T3) is expected.  Values of two, three and 
four should have marginal roof (T2) and values of zero or 
one degree should have good roof (Tl). 
SUMMARY OF ROOF FORECAST AND CONCLUSIONS 
Channel-sand cutouts, and the roof problems 
associated with them, will probably occur in the south- 
central and northwest corner of Dilworth, where the 
immediate roof abruptly thins to less than five feet 
(1.5 m) in thickness and is overlain by sandstone.  Poor 
roof conditions should be encountered on the south side of 
the course of Ten Mile Creek due to water seepage down dip 
from the creek and fracturing of the rocks in this steep- 
sided stream valley. 
The geologic factors most critical in predicting 
roof stability at the Dilworth mine are LANDSAT lineaments 
and vertical lithologic changes above the coal.  Where 
two or more lineaments occur together (as in the "River 
Main" entries at Dilworth) or where six or more roof rock 
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changes occur within 20 feet (6 m) of the seam, roof prob- 
lems should be expected.  Poor roof already encountered 
underground at Dilworth can be attributed to one or both of 
these factors. 
Geologic information can be used to accurately 
locate areas of unstable coal mine roof at Dilworth prior 
to mining.  Use of all available information is essential 
to give a complete understanding of, and correct inter- 
pretation of a mine's geology, and how the geology 
affects roof stability. 
-57- 
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APPENDIX A 
X2 TEST FOR DIRECTIONALITY OP FRACTURE TRACES 
x2 . y> '°i-"Pj» 
i-i  npi 
k = 36 intervals 
O. = number of fractureB per each 5°  interval 
n = total number of fractures (639) 
p. = probability that a fracture will occur within any 
given interval (1/36) 
Hypothesis:  all directions have equal probability of 
occurring, i.e., HQ:  ^..50 " P6-io° " ••• 
P176-180° 
Y
2
 m   (18-17.75)2   (16-17.75)2      (17-17.75)2 
calculated =   17.75        17.75    "' 17.75 
= 43.95 
^tabulated " «^<"/« + B)2    (Finney, 1952) 
where f = degrees of freedom (35) 
B « 1.16 @ 95% confidence level 
x
2 
tabulated » (/(35-1/2) + 16)' 
(35,0.95) 
- 49.47 
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2 2 
X
 calculated < X tabulated " H0 is true* 
Conclusion:  statistically, at the 95% confidence level 
there is no preferred orientation of the 
fracture traces. 
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